Objectives: Low level laser therapy (LLLT), which stimulates natural biological processes in the application region, is frequently used in dental treatments. The aim of our study was to evaluate the effects of LLLT which could activate precancerous cells or increase existing cancerous tissue in case of clinically undetectable situations.
biostimulation or the biomodulation effect, meaning that irradiation at a specific wavelength is able to alter the cellular behaviour. 11 The mechanism of LLLT is based directly on the application of biostimulatory light energy to the cells. 12 The cellular photoreceptors absorb the LLLT light, and can transfer it to the mitochondria to produce ATP.
With the increase in the vasodilatation via ATP synthesis, the use of oxygen is increased, and the activity of the cytoplasmic enzymes with the nucleic acids stimulates cell mitosis. 13 Low level laser therapy, which stimulates natural biological processes in the application region, is frequently used in many different dental treatments, including the healing of chronic/acute wounds and shortening the recovery process of operative areas with minimal pain. 14 In addition to these positive results, LLLT, which has been known to cause cell mitosis, may induce negative results by proliferating cancer cells. The aim of our study was to evaluate the effects of LLLT, which could activate precancerous cells or increase existing cancerous tissue (in cases of clinically undetectable situations), on osteoblast-like osteosarcoma persistent cells and lung cancer cells cultures in vitro.
| MATERIALS AND METHODS
All of the experimental procedures were submitted to and approved
by the Clinical Research Ethics Committee of Ordu University (no:
2016/85). The experimental part of the study was carried out in the Atigencell-Trabzon Cell Culture Laboratory.
| Cell culture
This study used commercially obtained human Saos-2 osteoblast-like cells (ATCC85-HTB) and A549 human lung carcinoma cells. The cells were grown in T75 tissue culture flasks (Nest Biotech, China) using minimum essential medium alpha (Lonza, USA) supplemented with 10% foetal bovine serum (Lonza, USA), antibiotics (penicillin and streptomycin) and antimycotics (Fungizone). Incubation was performed at a constant temperature (MCO-17 AI; Sanyo, Japan) with 5% CO 2 to provide a 95% humidified air mixture at 37°C. The cell culture media were subjected to pH monitoring with daily bacterial and fungal contamination, and the nutrients were renewed every 2 days. When the cancer cells reached confluence, the cell monolayer was washed with Ca and Mg-free phosphate-buffered saline followed by trypsin (Lonza, USA) to prepare a single cell suspension. After counting the cells using a Thoma cell counting chamber under an inverted microscope, the cell concentration was adjusted to 1 × 10 5 cells/mL.
| Determination of the total cell count using a haemocytometer
The intercellular junctions of the Saos-2 and lung cancer cells were removed, and the cells were detached from the sterile culture dishes using 0.25% trypsin-EDTA (Lonza, USA). After centrifugation (1500 rpm for 5 minutes), the liquid remaining in the upper part of the tubes was discarded with a Pasteur pipette. The cells collected in the bottom of the tube were resuspended in 1 mL of fresh medium, and 10 μL of the suspension was mixed with 10 μL of trypan blue (Celis, 1998 
| Cell proliferation/viability assay
A methylthiazole diphenyl tetrazolium (MTT) test, based on the determination of the metabolic activity, was used to assess the cell proliferation. MTT, at a concentration of 0.5 mg/mL, was added to all of the wells. Following 3 h of incubation at 37°C and 5% CO 2 , the contents were replaced with dimethyl sulphoxide (DMSO) to extract the formazan crystals from inside the cells for 15 minutes at room temperature. Subsequently, 100 mL of a purple coloured sample solution was transferred from each well into a new 96-well plate, and the optical density (OD) was read using a microplate reader (Sunrise;
Tecan, USA) at 570 nm. Since the amount of colour produced is directly proportional to the number of viable (metabolically active) cells, the relative numbers of the adhered live cells on the discs could therefore be determined based on the optical absorbance of the sample.
The mean values at the 96-h post-seeding time point were recorded and tabulated in a graph.
| Statistical analysis
The statistical analyses were performed by using the Statistical
Package for the Social Sciences (SPSS 11.5 for Windows; SPSS Inc., Chicago, IL, USA) software. When analysing the data, a two-way ANOVA was used. P ≤ .05 were accepted as statistically significant.
| RESULTS
In this study, the cell proliferation values were assessed via MTT assay as a result of biostimulation applied to the cancer cells at different powers. Generally, it was seen that the cell proliferation rates were higher in the treatment groups than in the control groups. However, a lower cell proliferation was detected in those cells irradiated with 3 watts of power. It was observed that the proliferation rates increased as the number of applications increased, when compared to the controls, especially in those cases in which the irradiation was performed 2 or 3 times more. In addition, it was observed that there was less proliferation in the samples irradiated 3 times with 3 watts of power.
The statistical data obtained as a result of the A549 lung cancer cell proliferation tests are presented in Table 1 and Figure 2 . When the proliferation rates in the test and control groups for the A549 lung cancer cells were compared in terms of the laser irradiation power level, the most proliferation was observed in those cells treated with 1 and 2 watts. Although a statistically significant increase was observed in the proliferation levels, particularly at 0.5 watts, the increase in the power levels at 1 and 2 watts was greater than at the 0.5-watt power level. When the proliferation rates in the test and control groups for the A549 lung cancer cells were compared in terms of the number of laser irradiation applications, the most proliferation was observed in those cells with 2 and 3 applications. Moreover, the Values are expressed as a group mean ± SD. Bold values show maximum and minimum cell proliferation rates.
proliferation levels were increased statistically when compared to the control group in the case of 1 application, but the increases in 2 and 3 applications were even greater. In general, the highest proliferation value was obtained with 1 watt of power for 2 applications, and the lowest was with 3 watts of power for 3 applications.
The statistical data obtained as a result of the human osteoblastlike Saos-2 cell proliferation tests are presented in Table 2 and Figure 3 . Although a statistically significant increase was observed in the proliferation levels, especially with 0.5 and 2 watts of power, the increase in the 1 watt power level was found to be greater than in the 0.5 and 2 watt power levels. In general, the highest proliferation value was obtained from the cell samples irradiated at 1 watt, with the lowest at 3 watts. When the proliferation rates in the test and control groups for the Saos-2 cells were compared in terms of the number of laser irradiation applications, the most proliferation was observed in those cells that had been administered 3 applications. Moreover, in one application, there was a statistically significant increase in the proliferation levels when compared to the control group, but the increases in 2 and 3 applications were greater than in 1 application. In general, the highest proliferation was obtained with 3 applications at 1 watt of power, with the lowest in 3 applications at 3 watts of power.
| DISCUSSION
In this study, we hypothesized that LLLT, which is frequently used nowadays, could activate precancerous cells or increase existing cancerous tissue by increasing the proliferation and mitotic activity of cancer tissue cells. We also wanted to show that LLLT, which is emphasized as an advantage and benefit in most studies, should be used in a more controlled and conscientious way. Values are expressed as a group mean ± SD. Bold values show maximum and minimum cell proliferation rates.
F I G U R E 3
The graph of cell proliferation rates of test and control groups of human osteoblast-like cells of SaOs-2 at day 4 OD 570 nm factors that can be controlled may reduce the occurrence of some types of cancer. 18 In the fields of medicine and dentistry, in addition to the standard treatments for diseases, the use of different devices has become commonplace in accordance with the developments in technology and research. Lasers have been investigated for this purpose, and it is believed that LLLT has the potential to stimulate normal cell functions.
LLLT has been reported to increase ATP, accelerate mitosis, improve tissue repair, stimulate bone repair, normalize collagen and elastic fibril accumulation in tissue repair, stabilize fibroblast production, increase peripheral blood flow and improve anti-inflammatory activity.
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Although it has been shown to stimulate cell proliferation and collagen synthesis, it is not known exactly how these effects could change clinical outcomes. Overall, it has been reported that LLLT increases DNA synthesis, the amount of collagen and procollagen, and the rate of proliferation. In dentistry, LLLT is frequently used to treat oedema and inflammation, acute-chronic pain, herpes simplex, dentinal tooth sensitivity, neuralgia and inferior alveolar nerve injuries, and to accelerate tissue healing, so it had been subjected to many research studies. 20 However, it remains unclear whether the biochemical reactions that occur as a result of LLLT and any side effects of LLLT are still present.
In a study evaluating gingival healing following LLLT in patients undergoing gingivectomies, better improvement was seen in the lasertreated cases. 21 Two animal studies in which wound healing was eval- formation, and that the bone maturation was faster. 23 In one in vitro study, the researchers found that LLLT had a prominent proliferation effect on human gingival fibroblast cells, but the duration of this effect was limited. 24 These findings show that repeated applications are necessary to achieve a positive laser effect in clinical practice. In our study, it was seen that the cell proliferation rates were higher in the laser-treated cultures than in the control group. When we looked at the cell proliferation levels in terms of application periods, we found that the proliferation rates increased with an increasing application frequency when compared to the controls, especially for 2 and 3 applications.
In another in vitro study in which the effects of LLLT on the proliferation and differentiation of human osteoblast cells were investigated, a 31%-58% survival rate was found in the laser-treated cells, with an increase in the ALP activation and osteopontin and bone sialoprotein expression. 25 Saygun et al 26 showed that in vitro LLLT stimulated the proliferation of osteoblast cells and the release of bFGF, insulin-like growth factor 1, and insulin-like growth factor binding protein 3 from these cells. In a study of the effects of LLLT on the proliferation of normal osteoblast cells and malignant osteosarcoma cells, the osteoblast and osteosarcoma cell proliferation significantly increased. 27 However, the alkaline phosphatase (ALP) activity in osteosarcoma cells did not and lung cancer stem cells, 32 the result was that the laser treatment had a proliferative positive biomodulatory effect, which was affected by the wavelength.
Another study evaluating the effects of LLLT on melanoma cells (B16F10) resulted in the conclusion that LLLT should be avoided in melanoma cells, 33 since the LLLT significantly increased the growth of a melanoma tumour.
In contrast to these studies, LLLT was not found to induce the proliferation of tumour cells in a study in which it was evaluated for cell proliferation, cell cycle distribution and the effects on apoptosis in a human oral carcinoma cell line (SCC-25). 34 Likewise, in our study, although the cell proliferation levels were statistically increased in the LLLT-treated cell cultures at all of the power values, the increase in the 1 watt power level was found to be greater than in the 0.5 and 2-watt power levels, with the lowest in the 3-watt samples. In addition, the most proliferation was observed in the cells with 2 and 3 applications. In general, the highest proliferation value was obtained with 2 applications at 1 watt of power, and the lowest was with 3 applications at 3 watts of power.
The findings of this study have led to the conclusion that LLLT increases cancer cell proliferation, depending on the power output level of the laser and the number of applications. In addition to the proliferation and mitotic activity of the cancer tissue cells, we concluded that LLLT, which is frequently used in dental practice, could activate precancerous cells or increase existing cancerous tissue.
